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Abstract: The aim of the present study was to evaluate the morphology and intermediate filaments cytokeratin,
desmin and vimentin expression in the kidneys of the polar fox (Alopex lagopus). Routine morphological, his-
tochemical and immunohistochemical techniques of examinations of the kidneys of adult male and female polar
foxes were used. We found different localizations and different levels of immunoexpression of cytokeratin in
epithelia of calyxes, distal tubules and Henle’s loops, and also in endothelial cells. We also noted immunolocal-
ization and immunoexpression of vimentin in mesangial cells, interstitial tissue and distal tubules. Desmin reac-
tivity was revealed for muscle cells of arteries and mesangial cells. Our study is the first attempt to localize
cytoskeletal intermediate filaments performed on polar fox kidneys. It is worth noting that our observations
concerning the distribution of vimentin in the polar fox kidney may suggest that protein as being useful as
a marker of distal tubules in the polar fox kidney. (Folia Histochemica et Cytobiologica 2012, Vol. 50, No. 1, 87–92)
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Introduction
The polar fox (Alopex lagopus) is a medium weight
canidae family member dwelling in extremely harsh
environments. The recent focus of interest on this an-
imal has regarded pollution accumulation in the or-
ganisms of arctic inhabitants; however, not much is
yet known about its morphology and physiology. To
survive in unfavorable conditions, the polar fox re-
veals numerous features including sophisticated wa-
ter and electrolytes balance mechanisms described by
Zhan et al. [1]. As in other mammals, in polar fox
kidneys, the outer cortex and inner medulla can be
distinguished. The whole organ is enveloped by
a dense connective tissue capsule and consists of nu-
merous tubular basic units — nephrons embedded
within interstitial connective tissue. Each nephron
begins in the cortex with renal corpuscle consisting
of Bowman’s capsule surrounding branched arterial
glomerulus supported by mesenchyme origin mesan-
gial cells. Enclosed within Bowman’s capsule, the uri-
nary space opens into a convoluted proximal tubule
which passes into a straight proximal tubule entering
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the medulla, where it becomes Henle’s loop. The
Henle’s loop penetrates toward the renal pelvis where
it turns 180° and comes back to the cortex as a straight
distal tubule. In the cortex, a straight distal tubule
coils into a distal convoluted tubule and opens into
a collecting tubule of medullary rays which collect
urine and finally drain into the renal pelvis [2–4].
The exceptional morphological features of polar
fox kidneys compared to human have been listed by
Hadziselimovic et al. [5]. The first are interlobar ar-
teries passing through the renal calices in a loop com-
posed of adipose tissue; the second is relatively the
largest excretory apparatus, whose surface amounts
to 31% of the whole kidney.
The main portion of the cytoskeleton is made up
of microtubules and intermediate filaments. Interme-
diate filaments (IF) are a large family of proteins.
Cytoplasmic IF proteins form flexible filaments with
an approximate diameter of 10 nm. In different stag-
es of development, different kinds of IF proteins are
expressed. Epithelia are characterized by cytokeratins,
while vimentin is typical for cells of mesenchymal or-
igin, and desmin is present mostly in muscle tissue. All
three types of IF are present in the kidneys of adult
mammals, but their expression and cell distribution
varies and depends on the type of cell and species [6].
Zou et al. [7] showed changes in expression of IF pro-
teins in rat kidneys after toxic injury. The main func-
tions of IF in kidneys are sustaining cell shape, motili-
ty, cycle control and signal transduction [6, 8].
In the present study, we investigated polar fox kid-
neys’ morphology and the immunoexpression of vi-
mentin, desmin and cytokeratin. The polar fox dem-
onstrates certain features enabling its survival in un-
favorable conditions. We investigated immunolocal-
ization of IF proteins to establish whether these
cytoskeletal proteins have a different pattern of ex-
pression in the kidneys of the polar fox, due to specif-
ic living conditions.
Material and methods
Kidneys from ten male and ten female polar foxes were fixed,
embedded in paraffin blocks and sliced into 4 μm thick sec-
tions. For morphological and histochemical studies, hema-
toxylin-eosine (HE), PAS (in McManus and Hotchkiss
modification) and Mallory in Trichrome modification stain-
ing, Bouin’s fixative were used. For immunohistological stud-
ies, 4% paraformaldehyde fixative was used. Examinations
were obtained using an Olympus BX40 light microscope com-
bined with an Olympus Digital Camera (Olympus, Poland).
For immunohistochemical examinations of selected pro-
teins, the EnVision + System HRP technique was used. As
the first step, slides were deparaffinized and boiled in Tar-
get Retrieval Solution (DAKO, Denmark) pH = 6.0 (for
desmin and vimentin) and pH = 9.0 (for cytokeratin) to
restore antigens. Subsequently, after endogenous peroxi-
dase blocking with Peroxidase Blocking Reagent (DAKO,
Denmark), primary antibodies were applied [9, 10]. For cy-
tokeratin expression, the cytokeratin clone MNF 116 mon-
oclonal mouse anti-human antibody (DAKO, Denmark) was
used, whereas for desmin, the desmin clone D33 monoclonal
mouse anti-human antibody (DAKO, Denmark) was used,
and for vimentin, the vimentin clone Vim 3B4 (DAKO, Den-
mark) monoclonal mouse anti-human antibody was used.
After the recommended incubation time, primary antibod-
ies were washed and secondary antibody: anti-mouse labeled
polymer — horseradish peroxidase (HRP) was applied. Sub-
sequently, after washing out the secondary antibody, AEC +
+ substrate chromogen was applied. As the last step, slides
were counterstained with Mayer’s hematoxylin and embed-
ded with Faramount Aqueous Mounting Medium (DAKO,
Denmark). Each step of the procedure was preceded by wash-
ing slides with PBS. As a negative control, we conducted re-
actions with primary antibodies replaced by goat serum.
The experimental protocol was approved by the Local
Ethics Committee of Animals, nr 2/2010 (21.01.2010), Byd-
goszcz, Poland.
Results
Our examinations revealed typical and untouched
morphology of the kidney’s cortex and medulla. Re-
nal corpuscles, proximal and distal convoluted tubules
were well distinguishable in the cortex (Figures 1A,
C, E). Thin and thick arms of Henle’s loops were well
visible in the medulla (Figures 1B, D, F). There were
no differences between genders of polar fox.
Immunohistochemical examinations revealed ex-
pression of all investigated cytoskeleton proteins: cy-
tokeratin, desmin and vimentin (Tables 1–3). Very in-
tense expression of cytokeratin was confirmed in tran-
sitional epithelium lining of renal calyxes. Strong or
weak expression of cytokeratin was found in epitheli-
um lining of distal tubules, Henle’s loops, and strong
expression in endothelial cells (Figures 2 A–D). Weak
expression of cytokeratin was observed in collecting
tubules, whereas epithelial cells of proximal tubules
and glomerulus were negative (Table 1).
Immunoexpression of vimentin was present in cells
of mesenchymal origin: strong reaction in intersitial tis-
sue (asterix) and mesangial cells of gromeruli (arrow
head). Very strong expression was marked in epithelial
cells of distal tubules (arrows) (Figure 2 E) (Table 2).
Desmin expression was strong in smooth muscle
cells of arcuate and intralobulares arteries and capil-
laries (Figure 2 F); weak expression was observed in
mesangial cells (Table 3).
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Figure 1. Morphology of polar fox kidney. A, B: H-E staining (× 400); C, D: PAS staining (× 400); E, F: Mallory with
Trichrome modification (× 400). Glomeruli (arrow), proximal (P) and distal (D) convoluted tubules were visible in cortex
(A, C, E). Henle’s loops (H) can be distinguished in medulla (B, D, F)
Figure 2. Immunolocalization and immunoexpression of cytokeratin (A–D) (× 400), vimentin (E) and desmin (F) (× 200)
in different cells of female polar fox kidney. Very strong expression of cytokeratin (black arrow) in transitional epithelium
of the calix (A); strong or weak expression of cytokeratin (black arrow) in cuboidal epithelium of distal convoluted tubule
(B); strong or weak expression of cytokeratin (black arrow) in simple squamous epithelium of Henle’s loops (C); strong
expression of cytokeratin (black arrow) in endothelial cells (D). Very strong expression of vimentin in cuboidal epithelium
of distal convoluted tubule (blue arrow), strong expression in mesangial cells (arrow head) and interstitial cells
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Our observations of the morphology and immuno-
histochemical localization of IF in polar fox kidneys
correspond with similar observations made in humans
and animals. The differences in results depend on the
quality of antibodies used in experiments and also on
the species and development stage of the kidney [7,
8, 11–14].
Morphological study of the polar fox kidney did
not reveal any major difference compared to the de-
scribed kidneys in mammalian species. We noted some
differences in pattern of expression and localization
of intermediate size filaments in various cells of po-
lar fox kidneys.
Intermediate filaments have a very important func-
tion in the cells of kidneys. They are responsible for
the functional organization and architecture of the
cytoskeleton of cells. Cytokeratin sustains polarity and
integrity of epithelia, vimentin establishes shape of
cell, especially podocytes, while desmin is responsi-
ble for the contractility of cells. All types of IF are
also responsible for motility, cell cycle control and
signal transduction [11–13].
The expression level of cytoskeletal IF proteins
can also be changed during pathologies. Zou et al.
[7] revealed that in induced puromycin aminonucle-
oside nephrosis (PAN) in rats, which is a model of
podocyte injury, the level of vimentin and desmin
changed. In control rats, vimentin was expressed in
podocytes and weakly in mesangial cells. Desmin im-
munoexpression was found in some mesangial cells and
vascular smooth muscle cells. After the injury, tran-
scripts for vimentin, and also desmin, were upregulat-
ed in different time points (day 3 for vimentin and day 10
for desmin). In our study, we observed distributions of
vimentin and desmin in mesangial cells comparable to
those observed by Zou et al. [7] in control rats.
Maruyama et al. [15] surprisingly revealed that
desmin is a marker of proteinuria in the early stages
of membranous nephropathy in elderly humans. They
concluded that the expression of desmin in podocytes
is upregulated in patients with idiopathic membra-
nous nephropathy compared to other glomerular dis-
eases including minimal-change nephrotic syndrome
or minor glomerular abnormalities, or to the controls.
Especially in elderly patients, desmin expression was
associated with changes progression and heavy pro-
teinuria, which may reflect phenotypic alteration of
the podocyte. Similar upregulation of desmin was
noted by Zou in PAN in rats [7].
Also, vimentin expression may change in the
pathological process under fibrogenic stimuli induc-
ing renal interstitial fibrosis. Yamate et al. [16] com-
pared rat and canine fibrotic kidneys. In rats, both
renal epithelial and interstitial cells showed positive
reactions to vimentin, supporting the epithelial-mes-
enchymal transition theory; however, renal epitheli-
Table 1. Immunolocalization and immunoexpression of cytokeratin in different epithelial cells of polar fox kidney
Gender Transitional Cuboidal Cuboidal Squamous Columnar or Endothelial
epithelium epithelium epithelium epithelium cuboidal cells
of calyxes  of proximal  of distal tubules  of Henle’s loops  epithelium
tubules of the co
llecting ducts
Male + + + – + +/+ + +/+ + + +
Female + + + – + +/+ + +/+ + + +
+ + + very strong; + + strong; + weak; – negative
Table 3. Immunolocalization and immunoexpression of
desmin in different cells of polar fox kidney
Gender Vascular smooth Mesangial cells
muscle cells
Male + + + +
Female + + + +
+ + + very strong; + weak
Table 2. Immunolocalization and immunoexpression of vimentin in different cells of polar fox kidney
Gender Interstitial cells Mesangial cells Cuboidal epithelium Cuboidal epithelium Columnar or cuboidal
of proximal tubules  of distal tubules  epithelium of
the collecting ducts
Male + + + + – + + + –
Female + + + + – + + + –
+ + + very strong; + + strong; – negative
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um did not react to desmin, though interstitial cells
were reactive. On the other hand, in dogs, renal epi-
thelial reacted strongly to desmin, but interstitial cells
did not; vimentin expression was infrequently seen in
renal epithelial and interstitial cells of canine kidneys
[16]. Unfortunately, the authors did not make a dis-
tinction between proximal and distal tubules, instead
writing about “renal tubules”. We also observed vi-
mentin expression in interstitial cells and cells of the
distal convoluted tubules in the polar fox which may
be due to natural cognation between these species
(family: Canidae).
Maretta et al. [17] detected vimentin in the
podocytes, mesangial cells of the glomerulus, in the
endothelium of renal capillaries, and stromal (inter-
stitial) cells of sheep and goat kidneys.
Bravo et al. [18] noticed vimentin expression in
the cortex in proximal tubules of rat kidneys after tu-
bular injury with epithelial cell transdifferentiation.
Lin et al. [19] and Hertig et al. [20] confirmed vimen-
tin expression in regenerating tubules cells originat-
ing from renal tubular epithelial cells, the main source
of renal repair. However, it was confirmed by Liu [21]
that mature epithelial cells in adult kidneys may un-
dergo mesenchymal transition in renal fibrogenesis
with actin expression. On the other hand, other re-
searchers have not confirmed changes of intermedi-
ate filament expression in pathological conditions.
Kaukinen et al. [22] noticed increased vimentin
expression only in connective tissue scar in congeni-
tal nephrotic syndrome of Finnish type. Carev et al.
[23] noticed that the coexpression of intermediate fil-
ament vimentin and cytokeratin in metanephric de-
velopment is a temporary feature probably associat-
ed with mesenchymal to epithelial transformation of
developing nephrons. In adult kidneys, such coexpres-
sion is associated with fibrosis or carcinomatous
changes.
A large number of experiments  with localization
of IF in kidneys has been performed with human
kidneys.
The oldest accessible data by Holthofer et al. [14]
of human kidneys showed vimentin, but not cytoker-
atin, expression in undifferentiated cells of the meta-
nephric mesenchyme, whereas in induced renal vesi-
cles cells, only cytokeratin was expressed. In subse-
quent stages of development, the staining pattern
changed. In fetal kidneys, the epithelial cells of prox-
imal and distal tubules and of collecting ducts showed
a cytoplasmic cytokeratin expression. In adult kidneys,
positive reaction depended on the quality of antibody
used. Vimentin was not found in tubular epithelial
cells at any developmental stage, whereas the cells of
collecting ducts showed a transient expression of vi-
mentin in fetal kidneys. In adolescence, exceptional
expression of only vimentin in the visceral epithelial
cells of human glomeruli was noticed.
More recently, it has been noted that expression
of intermediate size filaments can be useful in devel-
oping and adult human kidneys and in renal cell car-
cinoma [24]. These observations have resolved the
controversy concerning intermediate-sized filament
expression in the human kidney.
Ostalska-Nowicka et al. [25] revealed that in the
control samples taken from normal renal cortex of
human kidneys resected for localized neoplasm, the
immunocytochemical expression of cytokeratine 18
was found only in epithelial cells of proximal and
distal tubules. Vimentin was present in all
podocytes, some mesangial cells, and the endothe-
lium. However, these examinations also indicated
that, in pathological conditions, reorganization of
cytoskeletal proteins within immature podocytes
may occur.
In the kidneys of the polar fox, we found different
localization and different levels of cytokeratin immu-
noexpression in epithelia of calyxes, distal tubules,
Henle’s loops and also in endothelial cells. We also
noted immunolocalization and immunoexpression of
vimentin in mesangial cells, interstitial tissue and dis-
tal tubules. Desmin reactivity was revealed for mus-
cle cells of arteries and mesangial cells.
These observations are in partial agreement with
previous studies in mammals. In their multi-spe-
cies study, Yaolta et al. [6] found vimentin in
podocytes of humans, dogs, cattle and rats. Anti-
vimentin antibody reacted also with some parietal
cells, but not with tubular cells. The expression of
cytokeratins was present in some podocytes in dogs
and all human tubular cells. Anti-cytokeratin anti-
body also reacted with some portion of parietal cells
of Bowman’s capsule. Desmin was found only in
rat podocytes.
These findings indicate that podocytes are char-
acterized by intense vimentin staining in the higher
vertebrates, and by desmin staining in the lower ver-
tebrates.
Differences in the results of our study compared
to that of Yaoita et al. [6] may be explained by the
different antibodies used in the examinations of an-
imal species. There are no specific antibodies against
polar fox proteins, so we based ours on cross-reac-
tivity of used antibodies. Yaoita et al. [8] also showed
that expression of desmin varies between rat strains,
and that immunoexpression of this protein increas-
es with age.
Our immunohistological staining techniques-
based findings in the polar fox are convergent with
the observations of Vilafranca et al. [26] who used
ultrastructural, immunogold single and double label-
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ing techniques. In normal canine kidneys, the viscer-
al glomerular epithelial cells (podocytes) expressed
only vimentin, and cytokeratin was found exclusively
in parietal glomerular epithelial cells. Aresu et al. [27]
showed that in dogs’ kidneys, epithelial tubular cells
lose their cytokeratin staining characteristics and
transdifferentiate into cells exhibiting a key mesen-
chymal feature of vimentin-positive staining in glom-
erulonephritis.
In conclusion, our study is the first attempt to lo-
calize cytoskeletal IFs performed on polar fox kid-
neys. We showed immunolocalization and expression
of vimentin, cytokeratin and desmin in the cortex and
medullary structures of polar fox kidneys. We believe
that this experiment enlarges our knowledge about
the cytoskeletal proteins in mammalian kidneys. It is
worth noting that our observations concerning the
distribution of vimentin in polar fox kidneys may sug-
gest its utility as a marker of the kidney distal tubules
of the polar fox.
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